An extracellular phospholipase C was partially purified from Pseudomonas sp. strain KS3.2. The enzyme was composed of an approximately 18-kDa peptide. Maximal enzyme activity was found at pH 7.2 and 50 C. The enzyme retained activity between pH 8 and 9, and 50% activity at about 52 C for 30 min. The enzyme sample showed the highest activity on phosphatidylcholine and low activity toward other phospholipids.
Phospholipase C (PLC) [EC 3.1.4.3] have been found in a variety of microorganisms. 1) With regard to gramnegative bacteria, there have been many reports of Pseudomonas PLC enzymes, [1] [2] [3] [4] but the catalytic functions and the molecular properties have not been fully elucidated. Furthermore, there is currently great interest in the industrial application of PLC to food processing and the degumming process, whereas no industrial PLC has been developed. We have embarked on research attempting to elucidate the catalytic functions and the properties of PLC and to develop an industrial PLC enzyme. A screening study yielded Pseudomonas sp. strain KS3.2 producing a novel extracellular PLC. This paper describes the partial purification and some properties of the PLC from Pseudomonas sp. strain KS3.2.
A PLC-producing Pseudomonas sp. strain KS3.2 was found in our stock cultures of 256 triglyceride-assimilating microorganisms. Strain KS3.2 was incubated in a 500-ml baffle-walled shaking flask containing 100 ml of lecithin nutrient broth (1.0% extract beef, 1.0% Bacto Peptone, 1.0% soybean lecithin, 0.5% NaCl, pH 7.2) at 28 C for 48 h on a shaker at 166 rpm. The enzyme was purified from the 440-ml culture supernatant by ammonium sulfate fractionation, DEAE-Sepharose, and Phenyl-Sepharose column chromatography.
The standard assay mixture, containing 10 ml of enzyme solution, 275 ml of 50mM Tris-HCl buffer (pH 7.2), 9 ml of 9.5% (v/v) Triton X-100, and 6 ml of 10% (w/v) L--phosphatidylcholine (PC), was incubated at 50 C for 10 min. The reaction was stopped by boiling for 5 min. Samples of 10 ml were subsequently added to 190 ml of 50 mM glycine-NaOH buffer (pH 9.6) containing 1 mM MgCl 2 , 0.1 mM ZnCl 2 , and 0.2 units of alkaline phosphatase from calf intestine. Incubation was at 37
C for 20 min. Samples of 0.1 ml was mixed with 0.9 ml of Biomol Green reagent (Biomol Research Laboratories, PA, USA) and subsequently incubated at room temperature for 20 min. The rates of inorganic phosphate release from enzyme reaction mixtures were determined. One unit (U) of activity was defined as the amount of enzyme that hydrolyzed 1 mmol of substrate per min. Protein concentrations were determined by the use of bicinchoninic acid protein assay reagent (Pierce Biotechnology, IL, USA) and bovine serum albumin as the standard.
PLC was partially purified 107-fold to a specific activity of 186 U mg À1 protein at pH 7.2 and 50 C with (Fig. 1) . The molecular mass obviously differed from that of Pseudomonas PLCs. [2] [3] [4] [5] [6] In contrast, it was similar to that of S. hachijoensis.
7)
The highest activity was observed at pH 7.2 and 50 C ( Fig. 2A, C) . The enzyme retained activity between pH 8 to 9 at 5 C for 3 h and 50% activity at about 52 C for 30 min (Fig. 2B, D) . The features of its pH and thermal stabilities were distinct from those of P. schuylkilliensis PLC; its thermal stability was similar to that of P. fluorescens strain A-3-1 PLC. 8) KS3.2 PLC showed the highest activity on PC and low activity toward other phospholipids; the relative activities for PC, phosphatidic acid, phosphatidylethanolamine (PE), sphingomyelin, phosphatidylserine, and phosphatidylinositol were 100, 9.04, 0.65, 0.328, 0.302, A, The enzyme activity was assayed at 37 C in each buffer (46 mM). The buffers used were CH 3 COONa-CH 3 COOH (pH 4.15 to 6.0), bisTris (pH 6.0 to 7.2), Tris-HCl (pH 7.2 to 8.8), and glycine-NaOH (pH 8.8 to 11.0). B, The enzyme in each buffer (45 mM) was incubated at 5 C for 3 h. The residual activity was assayed at 50 C in 46 mM Tris-HCl (pH 7.2). The buffers used were CH 3 COONa-CH 3 COOH (pH 4.1 to 5.8), bis-Tris (pH 5.8 to 7.8), Tris-HCl (pH 7.8 to 9.7), and glycine-NaOH (pH 9.7 to 12.0). C, The enzyme activity was assayed at each temperature in 46 mM Tris-HCl (pH 7.2). D, The enzyme in 46 mM Tris-HCl (pH 7.2) containing 0.01% Triton X-100 and 0.186 mM ammonium sulfate was incubated at each temperature for 30 min and then immediately transferred to ice. The residual activity was assayed at 50 C in 46 mM Tris-HCl (pH 7.2). and 0.221% respectively. This substrate specificity is most likely due to recognition of the glycerol side chains and the polar head group of the phospholipid substrate. KS3.2 PLC was thus specific for PC, and did not act on PE, whereas other Pseudomonad PLCs act on PE. 2, 3, 5, 6, [8] [9] [10] The substrate-specific feature of KS3.2 PLC clearly differed from that of other Pseudomonad PLCs. Examination of the effects of metal ions (1 mM) and several chemicals (2 mM) on PLC activity showed that the enzyme was inhibited by ZnCl 2 (relative activity, 10.8%), FeCl 3 (10.3%), CoCl 2 (10.3%), MnCl 2 (7.83%), HgCl 2 (7.62%), FeCl 2 (5.85%), CuSO 4 (4.15%), 2-mercaptoethanol (59.6%), SDS (9.65%), EDTA (8.41%), dithiothreitol (6.17%), and phenylmethylsulfonyl fluoride (5.52%). In contrast, CaCl 2 (93.5%), MgCl 2 (89.9%), and iodoacetamide (109%) had no marked effect on the enzyme activity. Stimulation of enzyme activity by divalent cations such as Zn 2þ and Mg 2 has been reported for other Pseudomonad PLCs. 3, 5, 6, 8) On the other hand, no activation of the KS3.2 PLC enzyme by divalent cations has been observed. Phenylmethylsulfonyl fluoride and EDTA strongly inhibited KS3.2 PLC activity, showing that the PLC enzyme belongs to a group of metallophospholipases C and a class of serine hydrolases. In addition, dithiothreitol and 2-mercaptoethanol inhibited KS3.2 PLC, suggesting that sulfhydryl groups are involved in the catalytic activity.
Finally, we conclude that several features of KS3.2 PLC are different from those of known PLCs. To discover the relationship between these differences and the catalytic functions, further studies are in progress to purify the PLC and to clone its gene.
